Synthetic procedures and NMR data of ILs 1-10 and 12-13
General procedure for the preparation of thiol-functionalized carboxylate ILs 1-9. -The concentrations of commercial methylcarbonate ILs in methanol solution were determined by acid titration using a 1M HCl solution (pH Meter EUTECH pH 700, calibrated with three standard buffer solutions at pH 4.01, 7.00, and 10.00). Thiol-functionalized carboxylate ILs were prepared by adding an equimolar amount of either 3-mercaptopropionic acid or N-acetyl-L-cysteine (NAC) to the commercial methylcarbonate IL (1-ethyl-3methylimidazolium [EMIM], tributylmethylphosphonium [P4441] or trioctylmethylphosphonium [P8881]) methanol solution at room temperature. The reaction was performed under nitrogen atmosphere and all reagents were deoxygenated with a N2 continuous flow before use (method A: anhydrous conditions, room temperature for 2h) or without particular precautions under an air atmosphere (method B: standard conditions, room temperature for 2h) or favouring the oxidation of the products by bubbling air inside the solution for the entire reaction (method C: air flow, room temperature for 6h). In all cases, the mixture was concentrated at diminished pressure (50 °C) to remove methanol and the viscous liquid was dried under high vacuum and continuous stirring at 50 °C for 6h.
Preparation of 3-ethyl-1-methyl-1H-imidazolium 3-mercaptopropionate (1)
To a commercial methanolic solution of [EMIM]MeCO3 (31.88% w/w, 13.8 g, 23.6 mmol) the commercial 3-mercaptopropionic acid (3-MPA, 1 equiv, 2.54 g, 23.6 mmol) was added and the reaction was performed according to the general procedure (Method A). Ionic liquid 1 (5.10 g) was obtained as a pale-yellow viscous liquid in quantitative yield. 1 
Preparation of imidazolium disulfide salt 2
To a commercial methanolic solution of [EMIM]MeCO3 (31.88% w/w, 13.8 g, 23.6 mmol), commercial 3-mercaptopropionic acid (3-MPA, 1 equiv, 2.54 g, 23.6 mmol) was added and the reaction was performed according to the general procedure (Method C). Ionic liquid 2 (5.08 g) was obtained as a pale-yellow viscous liquid in quantitative yield. 1 
Preparation of 3-ethyl-1-methyl-1H-imidazolium N-acetyl-L-cysteinate (3)

S4
To a commercial methanolic solution of [EMIM]MeCO3 (58.74% w/w, 2.19 g, 3.89 mmol), commercial N-acetyl-L-Cysteine (NCA, 1 equiv, 0.640 g, 3.89 mmol) was added and the reaction was performed according to the general procedure (Method B). Ionic liquid 3 (1.01 g, 95% yield) was obtained as a yellow viscous liquid. 1 
Preparation of tributylmethylphosphonium 3-mercaptopropionate (4)
To a commercial methanolic solution of [P4441]MeCO3 (32.00% w/w, 2.30 g, 2.52 mmol), commercial 3-mercaptopropionic acid (3-MPA, 1 equiv, 270 mg, 2.52 mmol) was added and the reaction was performed in accordance to the general procedure (Method A). Ionic liquid 4 (800 mg, 99% yield) was obtained as a yellow viscous hygroscopic liquid. The 1 H NMR spectrum showed that thiol 4 was impure of disulfide 5 (7%). 1 CH3CON) , 31.5, 30.6, 30.4, 28.7, 22.4, 21.5 (18×CH2), .5 (3×CH2P + ), 13.9 (3×CH3), 4.63, 3.80 (CH3P + ).
Heating treatment of imidazolium disulfide salt 2.
Imidazolium disulfide salt 2 (230 mg) was heated to 120 °C degrees for 4h. The reaction was cooled down to room temperature and the 1 H NMR analysis (CD3OD, 250.13 MHz) of viscous liquid showed a mixture of 11 and 10 in a 45:55 ratio, measured on the relative intensities of the CH3N signals at 3.59 and 3.91 respectively. The syrup was partitioned between H2O (10 mL) and Et2O (10 mL), the phases were separated, and the aqueous layer was washed with Et2O (3×10 mL). The combined organic extracts were dried and S8 concentrated at diminished pressure to give a solid constituted (NMR) exclusively by an imidazole 2-thione (11) (30 mg). The aqueous layer was concentrated at diminished pressure to give 10 (150 mg) as a viscous liquid.
The 2H-imidazole-thione (11) was a solid, 1 C, 54.25; H, 7.59; N, 14.06. Found: C, 54.21; H, 7.57; N, 14.11 .
Heating treatment of 3-ethyl-1-methyl-1H-imidazolium N-acetyl-L-cysteinate (3)
Compound 3 (100 mg, 0.366 mmol) was heated to 120 °C degrees for 4h. The reaction was cooled down to room temperature and the 1 H NMR analysis (CD3OD, 250.13 MHz) of the viscous liquid showed a mixture of 11 and disulfide 12 in a 12:88 ratio, based on integral values of CH3N proton signals at δ 3.59 and 3.92 respectively. H, 6.66; N, 15.43. Found: C, 48.55; H, 6.71; N, 15.48 .
Heating treatment of tributylmethylphosphonium disulfide salt 5.
Tributylmethylphosphonium disulphide salt 5 (50 mg) was heated to 120 °C degrees for 4h.
The reaction was cooled down to room temperature and the viscous liquid (49 mg) was constituted (NMR analysis, CDCl3, 250.13 MHz) exclusively by disulfide salt 5.
Heating treatment of tributylmethylphosphonium N-acetyl-L-cysteinate (6)
Compound 6 (100 mg, 0.366 mmol) was heated to 120 °C degrees for 4h. The reaction was cooled down to room temperature and the pale-yellow viscous liquid (95 mg H, 9.85; N, 3.70. Found: C, 57.15; H, 9.89; N, 3.76 . 
